j Abstract Background Psychiatric disorders frequently co-occur with pathological gambling. The extent to which co-occurence extends to subsyndromal levels of gambling or differs between women and men is incompletely understood. Aim To examine whether the association between psychiatric disorders and past-year gambling problems is stronger in women than men. Methods Data from the national epidemiological survey of alcoholism and related disorders (NESARC) (n = 43,093) were analyzed. Results Increasing severity of past-year gambling problems was associated with increasing odds of most past-year Axis I and lifetime Axis II disorders, regardless of gender. Associations between gambling problems and major depression, dysthymia, panic disorder, and nicotine dependence were statistically stronger in women than in men. Conclusions A severity-related association exists between past-year gambling problems and psychiatric disorders. The stronger associations in women suggest that gambling research, prevention and treatment efforts consider gender differences. 
Introduction
Most people gamble without developing pathological gambling [27] . However, subsyndromal levels of gambling correlate, albeit less strongly than does pathological gambling, with adverse health measures including alcohol and substance abuse/dependence, depression, bankruptcy, and incarceration [6, 22, 28, 35] . These and other data [33] suggest that gambling problems lie along a continuum [28, 33] .
Although women generally gamble less frequently and heavily than do men, gambling is associated with poorer measures of mental health, alcohol and substance abuse/dependence in women compared to men [7-9, 21, 22, 24] . Initial analyses of the recently fielded national epidemiologic survey on alcohol and related conditions (NESARC) study [13, 14] found that comorbidity between lifetime pathological gambling and other psychiatric disorders was substantial and significant [20] . These analyses also found that comorbidity between lifetime pathological gambling and several psychiatric disorders, most notably major depression, generalized anxiety disorder, and several substance use disorders, was stronger in women than in men [20] . However, previous analyses have concentrated exclusively on lifetime pathological gambling. With increasing interest in how gambling problems may lie along a continuum, there is a need to explore comorbidity with subsyndromal as well as pathological levels of gambling problems. Prior studies have also focused on lifetime measures of pathological gambling and other psychiatric disorders. It has been argued that past-year measures are not only less subject to recall bias, but also more germane from clinical and public health perspectives [11] . The current study examines the hypotheses that rates of psychiatric disorders increase across levels of past-year gambling problem severity in both women and men, and that these associations are stronger in women than in men.
Methods j Sample
The NESARC study methodology has been described elsewhere in more detail [10, 14] . Conducted by the national institute on alcohol abuse and alcoholism (NIAAA) and the US Census Bureau, the NESARC sampled a nationally representative group of US residents (citizens and non-citizens) age 18 and over living in non-institutionalized settings. Respondents were identified using multi-stage cluster sampling, where Census sampling units, households, and then members of households were sampled in sequence. The sample was enhanced with members of group living environments such as dormitories, group homes, shelters, and facilities for housing workers. Jails, prisons, and hospitals were not included. The study over-sampled Black and Hispanic households and respondents aged 18-24 in order to have sufficient statistical power to examine patterns of alcohol use in minority populations and young people, who may have otherwise been under-represented in a simple random sample. Weights have been calculated to adjust standard errors for these over-samples, the cluster sampling technique and non-response [13] . The final sample consisted of 43,093 respondents, representing an 81% response rate. All respondents gave written consent to participate, however the current investigation was exempt from IRB review because it utilized the publicly accessible NESARC data, which was stripped of all personal identifiers.
j Measures
Diagnostic data derived from the alcohol use disorder and associated disabilities interview schedule-DSM IV version (AUDADIS-IV) [10] , a structured diagnostic assessment administered by trained lay interviewers. The instrument was tested for reliability and validity and found to be a good measure for detecting psychiatric disorders in a community sample [10] .
The publicly accessible data from the NESARC contains diagnostic variables that have synthesized self-report data from the AUDADIS-IV into diagnostic categories based upon DSM-IV criteria. The data contain diagnostic variables for major depression, dysthymia, mania, and hypomania, panic disorder with and without agoraphobia, social phobia, simple phobia, generalized anxiety disorder, alcohol abuse, alcohol dependence, drug abuse, drug dependence, nicotine dependence, and pathological gambling [13] . The instrument provides the ability to distinguish past-year diagnoses, prior to past-year diagnoses, and lifetime diagnoses, and includes exclusions for illness and substance-induced symptoms where appropriate. We utilized the past-year diagnoses with illness and substance exclusions, thereby making the diagnoses 'primary' or independent diagnoses as defined by the DSM [1] . The use of past-year diagnoses also allows a more precise examination of psychiatric disorder co-occurrence, since symptoms of disorders we are considering to be co-occurring will have been present within 1 year of each other. This necessarily limits sample sizes, however, the gain of precision in addressing the issue of co-occurrence outweighs the need for larger sample sizes, particularly in a study sample this large.
The instrument also assesses seven Axis II personality disorders: antisocial, avoidant, dependent, histrionic, obsessive-compulsive, paranoid, and schizoid. Not every DSM-IV personality disorder was assessed due to subject burden and time constraints [12] . Since the Axis II disorders were assumed to be temporally stable constructs, no time periods were applied. Respondents were asked about how they felt or acted most of the time, throughout their lives, and regardless of situation. The assessments followed DSM-IV diagnostic criteria. To meet criteria, respondents had to endorse the required number of symptoms as well as report that at least one of the symptoms had caused significant social dysfunction [12] .
The primary independent variable of interest in the present analyses was based on the ten diagnostic inclusionary criteria for pathological gambling. Five or more inclusionary symptoms are required for a DSM-IV diagnosis of pathological gambling [1] . Given data that suggest that gambling severity as defined by DSM criteria lies along a spectrum [29, 30, 33] , we divided the sample into four groups: non-gamblers and low-frequency gamblers (those who reported that they had never gambled more than 5 times in a single year in their lifetime); low-risk gamblers (those who reported gambling more than 5 times in a year but with no symptoms of pathological gambling in the previous year); at-risk gamblers (those who reported 1 or 2 symptoms of pathological gambling in the previous year); and problem/pathological gamblers (PPG; those who reported 3 or more symptoms of pathological gambling in the previous year). The divisions of low-risk, at-risk, problem and pathological gamblers are identical to those recently used by other investigators in population-based samples of gamblers [9, 33] with the exception that the low frequency of pathological gambling (5 or more symptoms, less than 1% of the sample) necessitated the combination of the problem and pathological groups, a strategy that has been employed in prior gambling studies [5, 29, 30] .
Other variables utilized in the analyses include self-reported gender, age in years, race/ethnicity (African-American, Hispanic, and Caucasian), education, current employment, marital status and household income in dollars. Race categories were non-mutually exclusive because respondents could endorse more than one racial category.
j Data analyses
The primary research questions concerned gender differences in the association between past-year gambling problems and psychiatric disorders. To investigate, we first examined the association between gender, gambling problems and other sociodemographic variables in order to identify socio-demographic variables potentially influencing the relationship between gender, gambling problems, and psychiatric disorders. Next, we calculated unadjusted weighted rates of psychiatric disorders, stratified by both gender and gambling problems. Finally, we fit a series of logistic regression models where psychiatric and substance abuse variables were the dependent variables of interest and the fourlevel gambling problem variable, gender, and an interaction between gender and gambling problems were the independent variables of interest, adjusting for previously identified sociodemographic variables.
We also calculated tests for trend to determine whether there was a severity-related relationship between past-year gambling problems and psychiatric disorders. This was done by examining the change in fit between two nested logistic regression models: one where gambling problem severity was entered into the model categorized as outlined above, and another where an additional continuous measure of gambling problem severity was also entered into the model. The comparison of the fit of these two models using a change in log likelihood score and a Chi-square test for significance is a common method for determining if there is significant departure from linear trend.
Due to the design elements of the study sample, and the desire to estimate national rates of co-occurring disorders as accurately as possible, we analyzed data using SUDAAN software [26] and the NESARC-calculated weights.
Results
The survey sample consisted of 18,518 men and 24,575 women. Compared to men, women were older, had lower household incomes, and were more likely to have some college education and less likely to have a college degree, less likely to be currently working, more likely to be previously married, and more likely to be African-American (Table 1) . Associations between gambling problems and socio-demographic variables were largely similar across gender (Table 2) , with the exception of race: among males, the problem/ pathological gambling (PPG) groups were not different with respect to African-American race, while among females there was a strong association. For example, 31% of the female PPG group identified themselves as African-American (Chi-square = 21.37, df = 4, p = 0.0003) compared to 17% of the male PPG group (Chi-square = 6.01, df = 4, p = 0.122). Each tabulated socio-demographic variable was found to distinguish gender and/or gambling groups, and thus all were included in multivariable models.
Baseline rates of psychiatric disorders differed by gender (Table 3) . Consistent with data from the National Comorbidity Study, women had higher rates of most affective and anxiety disorders and lower rates of substance use disorders [17] . They were also more likely to meet criteria for avoidant (Chi-square = 18.91, df = 1, p < 0.0001), dependent (Chi-square = 6.9, df = 1, p = 0.01), and paranoid (Chi-square = 16.93, df = 1, p < 0.0001) personality disorder, and less likely to meet criteria for antisocial personality disorder (Chi-square = 122.84, df = 1, p < 0.0001) than were men.
The unadjusted associations between psychiatric disorders and number of gambling problems reveal several important observations (Table 4) . First, higher rates of comorbidity were generally observed, in both men and women, with increasing numbers of gambling problems. Tests for trend were largely significant, indicating a ''dose-response'' association between increasing gambling problems and the odds of psychiatric comorbidity (statistical tests not shown in table). In addition, gender differences in these trends were identified. For example, the only nonsignificant trends were among men for depression, dysthymia, and dependent personality disorder, while the same trends were very significant among women (see Fig. 1 ).
The unadjusted rates of disorders stratified by gender and gambling problems highlight multiple important features (Table 5) . First, the co-occurrence of gambling problems and several Axis I psychiatric disorders appeared stronger in women. For example, the co-occurrence of gambling problems and major Non/LF=non or low-frequency gamblers depression, dysthymia, panic disorder, social phobia, and generalized anxiety disorder were statistically significant in women but not in men. Second, other Axis I disorders (mania, hypomania, simple phobia, alcohol abuse/dependence, nicotine dependence, and drug abuse/dependence) appeared to co-occur in a similar and significant pattern with gambling problems in both women and men. Third, Axis II disorders appeared to co-occur at similar rates across gambling problems in both women and men, with significant associations observed for avoidant, antisocial, obsessive-compulsive, paranoid, schizoid and histrionic personality disorders. The only Axis II disorder for which a significant association was not observed, dependent personality disorder, appeared limited by a low response rate, precluding meaningful comparisons. Fourth, the rates of psychiatric disorders follow consistent patterns with respect to gambling symptomatology, with increasing rates observed with increasing gambling severity. Odds ratios from multivariate models investigating the strength of associations between psychiatric disorders and gambling problem groups are presented for each gender, using same-sex low-frequency/non-gamblers as the reference group (Table 6) . Interaction term odds ratios tested whether the odds ratios for women are significantly different from those for men. Associations between gambling problems and psychiatric disorders in both women and men were slightly attenuated but continued to be robust after adjusting for potential confounders. The associations among women were generally stronger, and in several cases the differences reached statistical significance across gender groups. For example, in women the association between at-risk gambling and major depression carried an odds ratio of 2.33 (Slatterwaite adjusted F = 22.45, df = 1.63, p < 0.0001) and for PPG the odds ratio was 4.3 (F = 20.72, df = 1.61, p < 0.0001); these odds ratios were 1.8 (F = 5.13, df = 1.5, p = 0.0268) and 3.4 (F = 7.79, df = 1.16, p = 0.0069) times higher than the corresponding ones in men. Similar patterns were seen for dysthymia, panic disorder and nicotine dependence in the at-risk gamblers. In contrast, although the associations between Axis II disorders and gambling were quite strong for both women and men, they did not differ by gender with the exception of schizoid personality disorder, which was more strongly associated with at-risk gambling in women.
Discussion
The present study represents the first to our knowledge to investigate systematically for gender differences in the associations between Axis I and II psychiatric disorders and multiple-threshold levels of past-year gambling problems in a nationally representative sample. The findings largely support our a priori hypotheses that psychiatric disorders would be found in increasing frequency in association with increasing numbers of past-year gambling problems, and that many of these associations would be stronger in women than in men.
j Rates of gambling and PPG
We found rates of problem/pathological gambling of 0.7% in men and 0.4% in women. These rates are lower than those previously reported [27] and may in part reflect differences in methodologies used to assess gambling pathology. For example, measures using DSM-IV diagnostic criteria tend to yield lower estimates of PPG than screening instruments (e.g., the South Oaks Gambling Screen) that have been used in multiple prevalence estimate studies of PPG [4] . Estimated rates of psychiatric disorders in general from the NESARC have been lower than those from other national surveys [18] , and, although the precise reason for these differences is unknown, different methodologies, diagnostic criteria, or the time periods in which data were collected represent possible contributing factors. The high prevalence of any gambling behavior reported in community samples [9] , along with the high proportions of low-risk gamblers (those acknowledging no symptoms of pathological gambling) in the NESARC sample, suggest that most men and women engage in low-frequency gambling without experiencing symptoms of pathological gambling.
j Gender and psychopathology
Gender-specific NESARC rates of psychiatric disorders were generally consistent with data from the older National Comorbidity Study (NCS), although the NESARC-derived rates were often lower [18] . For example, rates of past-year major depression in the NCS were 7.7% and 12.9% for males and females, respectively, while they are 4.9% and 9.1% in the NESARC [18] . In general, however, the relative differences between men and women remained similar: women reported higher rates of major depression, Non/LF=non or low-frequency gamblers *p < 0.05, **p < 0.01, ***p < 0.001 dysthymia, and all assessed anxiety disorders, while men reported higher rates of substance abuse and dependence, and the magnitudes of gender differences were consistent across studies.
j Gambling and psychopathology
The current findings corroborate those from prior clinical studies that have found high rates of cooccurrence between Axis I psychiatric disorders and PPG among patients in treatment [3] . The findings are also consistent with those from analyses of community data that found higher rates of major depression, schizophrenia, phobias, somatization, alcohol abuse/ dependence, and nicotine dependence in problem gamblers compared to non-gamblers [5] . Elevated rates of major depression, simple and social phobias, alcohol abuse/dependence and nicotine dependence in the PPG group were also observed in the present study, while somatization and schizophrenia were not formally assessed. These similarities in findings were observed despite differences in diagnostic criteria (DSM-III versus DSM-IV), diagnostic instruments (Diagnostic Instrument Schedule versus AUDADIS-IV), year of study (1980 vs. 2001 ), the threshold used to define PPG (1 inclusionary criterion in the ECA vs. 3 inclusionary criteria in the NESARC), and geography of the sample (St. Louis versus national). Given that other relevant differences are also likely to exist (e.g., changes in the US in availability and social acceptability of gambling in the past 20 years), the similarities in findings suggest a robust, temporally stable association between PPG and these disorders. As in the ECA study [5] , we found increasing prevalence of psychiatric disorders as the number of gambling problems increased. These results lend further strength to the suggestion that gambling problems be considered along a continuous spectrum [29, 33] . The most appropriate threshold for defining pathological gambling has been debated [33] , with some researchers and clinicians advocating for additional diagnostic categories for gambling pathology for symptomatology not reaching the threshold for pathological gambling [31] . The finding that subsyndromal levels of gambling are associated with significant psychiatric symptoms highlights the importance of subsyndromal behaviors and the need for future research to define the characteristics of subsyndromal groups of gamblers.
j Gambling and Axis II disorders
Prior community studies of psychiatric disorders have generally not included both gambling and personality disorder (PD) measures, with the exception of the inclusion of antisocial personality disorder measures in the ECA study [5] . Consistent with ECA findings, the NESARC data revealed a strong association between antisocial PD and PPG that was also significant, although weaker, in subsyndromal gamblers [5] . Studies of clinical samples have also frequently observed antisocial and other PDs in people receiving treatment for pathological gambling [2] .
Elevated odds ratios were observed for all seven Axis II disorders when comparing PPG and non/lowfrequency gambling groups. This finding is not unexpected given that PDs are frequently observed in people meeting criteria for a range of Axis I disorders [12] . Several potential explanations exist for the cooccurrence of PDs and PPG. First, certain personality traits such as impulsiveness or sensation seeking may predispose to risky or problematic gambling. Second, the presence of a PD may alter decisions to engage or persist in gambling, increasing the risk for more severe gambling problems [2] . Finally, common genetic or biological mechanisms may account for both PPG and PDs [12] . Clinically, the presence of PD may complicate the treatment of Axis I disorders, including PPG [2] . Conversely, high rates of comorbidity in clinical samples suggest that the presence of a PD may increase the likelihood of seeking mental health care [12] . Given both the high comorbidity rates and the relatively low rates of identification and treatment of PPG, it will be important for future research to explore the influence of PDs on both treatment seeking and clinical outcomes for PPG.
j Gender, gambling and psychopathology Our findings related to gender differences in gambling problems are consistent with other community samples that assessed gambling: men are more likely than women to gamble and to develop gambling-related problems [9, 27, 35] . Arguably the most important findings from the present study are the significant differences in the associations between gambling and Axis I psychiatric disorders across gender groups. In all cases in which a statistically significant interaction was observed, associations between gambling and psychopathology were stronger in women than in men. The most substantial differences were observed in the group of at-risk gamblers, those acknowledging one or two symptoms of pathological gambling. In this group, a stronger association was observed in women as compared with men for major depression, dysthymia, panic disorder and nicotine dependence. For each disorder, a positive odds ratio was also observed in the PPG comparison, suggesting a similar relationship across gender groups in the more severely affected group. However, only the variable of major depression reached statistical significance in the comparison testing the relationship across gender groups in the PPG group.
These findings have multiple implications. First, they further highlight the importance of considering subsyndromal groups of gamblers in investigating the potentially differential impact of gambling on men and women. Second, the findings suggest that different levels of gambling problems are associated with different risks in women and men. The finding that atrisk gambling in women is associated with more severe psychiatric symptoms than in men parallels those in the alcohol literature in which women experience more severe health-related problems at similar levels of alcohol consumption than do men [16] . Another gender-related phenomenological similarity between gambling and alcohol use disorders is the telescoping pattern of disease progression in women [32] . More research is needed to investigate further the nature of these gender-related differences, particularly as some of the factors postulated as contributing to these differences in alcohol risk (e.g., distribution and metabolism of alcohol in women as compared to men) do not seem applicable to gambling [16] . Regardless of the etiology, the findings suggest that gender differences be considered when developing guideline recommendations for gambling similar to those that currently exist for alcohol consumption [34] .
Third, the stronger associations between at-risk gambling and multiple psychiatric disorders in women raises the possibility that gambling problems might impact the course of specific mood, anxiety and substance use disorders more greatly in women than in men. For example, it is possible that women may be more likely than men to gamble in order to relieve feelings of depression or anxiety, or that problem gambling may exacerbate depressive symptoms more in women than men [19] . The finding of a stronger association between nicotine dependence and gambling symptomatology in women suggests clinically relevant gender differences. Although the extent to which and nature in which gambling and smoking reinforce each other has not been empirically determined, tobacco smoking frequently occurs within gambling venues such as casinos [23] . Women as compared with men gamble more frequently on casino slot machines [22, 32] , a form of gambling associated with tobacco use in problem gamblers [23] . The relationship between smoking and specific forms of gambling in multiple venues warrants investigation in a gender-informed fashion.
Fourth, the findings highlight a stronger relationship between depressed mood and gambling pathology in women as compared to men. Comorbidity between PPG and major depression was significantly higher in women, and comorbidity between at-risk gambling and both depression and dysthymia were also significantly higher in women. Disordered gambling and depression have long been linked [3] , although the nature of the relationship remains incompletely understood. Some people, particularly women, gamble to escape dysphoria [19] , and others become depressed following large gambling losses. A common genetic mechanism underlying the development of both gambling and mood disorders has been reported for men [25] , although it is presently unclear if this finding extends to women. More research is needed to identify specific genetic and environmental mechanisms for the cooccurrence of gambling and mood disorders, define the natural histories of symptom progression in each domain, investigate for gender-specific factors, and generate more effective interventions.
Many studies published to date that investigate effective treatments for pathological gambling have excluded individuals with co-occurring mood pathology, limiting the generalizability of the findings. Given that some treatments (e.g., serotonin reuptake inhibitors) have demonstrated efficacy in the treatment of each disorder alone [15] , trials of these and other drugs in patients with co-occurring disorders are warranted. Few pathological gambling treatment studies to date have examined gender differences in treatment response, and future studies, particularly of subjects with gambling and co-occurring psychiatric disorders, should incorporate gender considerations.
Several limitations of these data should be acknowledged. First, the cross-sectional nature of the data precludes our ability to identify specific factors that might mediate the identified associations, or to establish temporal patterns between disorders. Disorder-specific analyses of the inter-relationships between socio-demographic variables, gambling problems, and psychopathology may illuminate potential mediating variables. However, longitudinal data will best help to inform these issues. Second, low rates of pathological gambling were reported, necessitating the combination of problem and pathological gambling into a single category. There were also low rates of several other disorders, such as dependent personality disorder, which limit the ability to make meaningful comparisons. Similarly, non-gamblers and low-frequency gamblers were combined in analyses. The NESARC surveyors grouped together low frequency and non-gamblers and thus the available data do not allow for separating these groups. As the present investigation focused on past-year gambling problems as defined by individual DSM-IV inclusionary criteria for pathological gambling, we believe this grouping allows for feasible testing of our hypotheses. Nonetheless, future surveys should consider separating non-gamblers from low-frequency gamblers in order to allow for direct examination of differences related to gambling participation or lack thereof. Some clinically relevant psychiatric measures were lacking in the NESARC, including assessments of both Axis I (e.g., non-gambling impulse control disorders) and Axis II (e.g., borderline PD) disorders. Third, there are no established standards for categorizing gambling problems across a continuum. For example, past-year non-and low frequency gamblers were those who had not gambled more than 5 times in a year in their lifetime. In addition, we divided gambling groups into those with no symptoms, 1 or 2 symptoms, and 3 or more. Although these groupings have been utilized in previous studies, they are not based on empirically derived thresholds.
Conclusions
These data indicate significant associations between past-year gambling problems and psychopathology in both men and women. These data suggest that primary care and outpatient mental health settings actively screen all patients for symptoms of pathological gambling. The significantly stronger associations between mood and anxiety disorders and pathological gambling symptomatology in women as compared with men suggest that women with signs of depression or anxiety be particularly well-screened for pathological gambling. Given the differences between women and men in at-risk gambling and psychiatric disorders, it might be of relatively greater importance to target subsyndromal gambling in women as compared to men. Brief intervention strategies (e.g., motivational interviewing or enhancement techniques) that appear particularly helpful in targeting groups with subsyndromal symptoms might be particularly beneficial. Finally, unidentified gambling symptoms can complicate treatment of non-gambling psychiatric disorders and pathological gambling is common, and often goes unidentified, in patients with serious mental illness. These findings suggest that more intensive screening for pathological gambling symptoms is needed in psychiatric settings, and that intervention studies in multiple psychiatric domains should also assess gambling symptoms. 
